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The exclusive Υ photoproduction in ultraperipheral proton-nucleus and nucleus-nucleus collisions
at LHC energies is being investigated using pQCD framework which constrain the gluon distribu-
tion in the proton and nuclei at low x. Rapidity distributions of Υ photoproduction with different
gluon distribution parameterization and gluon shadowing for nuclear PDFs including photon flux
suppression for strong interaction, are being presented at LHC energies. Predictions done for ul-
traperipheral collisions at
√
s=8.16 TeV in pPb, and at
√
s=5.02 TeV in PbPb collisions which are
LHC Run 2 Heavy Ion collision scenario and measurements of cross-section will be available soon.
I. INTRODUCTION
Ultraperipheral collisions (UPCs) of protons (ions) cor-
responds to the scenario when the impact parameter is
larger than the sum of the radii of colliding hadron (ion),
so that strong interaction is suppressed and they interact
electromagnetically via emission of quasi-real photons.
The large energies of the virtual photons produced in
such reactions has stimulated many studies of photopro-
duction of heavy vector mesons (J/ψ and Υ(nS)) [1–26],
where large mass of the quarks provide a hard scale, jus-
tifying the use of factorization theorem of perturbative
QCD (pQCD). Within leading logarithmic approxima-
tion of pQCD, the cross section of photoproduction of
J/ψ or Υ is proportional to the square of gluon density
of the target. As the fraction x of target momentum car-
ried by the gluon is inversely proportional to the beam
momentum, at LHC energies it is possible to explore the
small x behavior of the gluon density in the proton and
nuclei. In particular, it provides a sensitive tool to probe
the onset of gluon saturation or nuclear gluon shadowing
effects in small x.
Recently LHCb collaboration measured the yield of
J/ψ and Υ [27, 28] at forward rapidities (2 < y < 4.5)
in proton-proton UPC at 7, 8 TeV corresponds to x
range for J/ψ, 6 × 10−6 < x < 6 × 10−5 and down to
x ∼ 1.5×10−5 for Υ(nS). Though J/ψ analysis confirmed
the power law energy dependence of the γp→ J/ψp cross
section consistent with HERA results [29–31], but exclu-
sive Υ measurement shows preference to the estimations
including next-to-leading order calculation in contrast to
HERA results of Υ photoproduction [32–34].
The ALICE collaboration measured the coherent J/ψ
photoproduction [35, 36] in ultraperipheral collisions of
PbPb at
√
sNN = 2.76 TeV. The cross section was mea-
sured in two regions of the rapidity of produced J/ψ :
−3.6 < y < −2.6 and at central rapidities −0.9 < y < 0.9
which corresponds to x = 2× 10−2 and x ∼ 10−3 respec-
tively. The results were compared with different model
predictions and shows good agreement with models in-
cluding nuclear gluon shadowing. ALICE also measured
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J/ψ photoproduction [37] in pPb UPC at
√
sNN = 5.02
TeV in the rapidity range 2.5 < y < 4 (p-Pb) or
−3.6 < y < −2.6 (Pb-p) corresponds to x ∼ 2 × 10−2
and ∼ 2 × 10−5 which didn’t show significant change in
the gluon density behavior of the proton between HERA
and LHC energies.
CMS collaboration [38, 39] also measured Υ(1S)
photoproduction cross section with pPb collisions at√
sNN = 5.02 TeV in the central rapidity range −2.2 <
y < 2.2 corresponds to the Bjorken x value 1.3× 10−4 <
x < 10−2. This result will provides the behavior of Υ(1S)
photoproduction cross section with Wγp, photon-proton
center-of-mass energy, in the region between HERA [32–
34] and LHCb [28] experiment.
The aim of the paper is the following. We esti-
mate the Υ photoproduction in pPb collisions which is
much preferable in comparison to proton-proton colli-
sion, due to asymmetric nature. Using the leading or-
der (LO) pQCD, first we estimate of γp → Υ(nS)p and
γPb→ Υ(nS)Pb employing different parameterization of
the gluon distribution in the proton and nucleus and com-
pare with the data of HERA and LHCb. Secondly, we
calculate the rapidity distribution of exclusive Υ photo-
production in the proton-lead collisions for
√
sNN = 5.02
TeV in the kinematic range of CMS experiment [40] and
also done predictions in pPb UPC for
√
sNN = 8.16 TeV
which corresponds to the collision scenario of Run 2 LHC:
data taken during Nov.-Dec. 2016. The suppression of
photon flux due to strong interaction, which can reach
up to ∼ 20% difference in photon flux in forward rapidi-
ties [11] in proton-Pb UPC, is included by modifying the
photon flux using the Glauber model of multiple proton-
nucleus scattering. We also made predictions for the Υ
photoproduction in PbPb UPC at
√
sNN = 5.02 TeV,
the scenario of LHC Run2 : data taken during Nov.-Dec.
2015, taking into account of recently available nuclear
gluon shadowing parameterizations.
The paper is organized as follows. In section II, we
discuss the photon flux generated by the proton and the
nucleus. In section III, we discuss the photoproduction
of Υ(1S) from proton with different gluon PDF and com-
parison with data. In section IV, we produce the results
of photoproduction cross section of Υ with rapidity and
discuss predictions for LHC Run 2.
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2II. PHOTON FLUX
The key ingredient of this study is the estimation of
photon flux from proton and the lead nucleus. In case of
proton-nucleus UPCs one needs to take into account the
suppression of the flux due to the strong interaction be-
tween colliding particles. The photon flux of the proton
(nucleus) of charge Z can be expressed as the convolution
over the impact parameter b [11]:
Nγ/Z(ω) =
∫ ∞
0
d2~b ΓpA(~b)Nγ/Z(ω,~b) , (1)
where Nγ/Z(ω,~b) is the photon flux in the transverse dis-
tance ~b away from the proton (nucleus) [41],
Nγ/Z(ω,~b) = C
(∫ ∞
0
dk⊥
k2⊥FZ(k
2
⊥ + ω
2/γ2L)
k2⊥ + ω2/γ
2
L
J1(bk⊥)
)2
,
(2)
and ΓpA(~b) is the probability to suppress the proton-
nucleus strong interaction at small impact parameter
b [11],
ΓpA(~b) = exp
(
−σNN
∫ ∞
−∞
dzρA(z,~b)
)
. (3)
In Eq. 2, C = Z2αem/pi
2 where αem is the fine structure
constant, FZ(Q
2) is the charge form factor of the proton
(nucleus), γL is the Lorentz factor (γL = 2670, 4340 for
pPb at
√
sNN = 5.02, 8.16 TeV, γL = 3730, 6920, 7450
for pp at
√
s = 7, 13, 14 TeV respectively and γL = 2670
for PbPb at
√
sNN = 5.02 TeV), ω is the energy of the
emitted photon and J1 is the Bessel function of the first
kind. In Eq. 3, σNN is the total nucleon-nucleon cross
section and ρA(~r) is the nuclear density.
For Nγ/Z(ω) for the photon flux from the proton one
generally use an approximate expression from Drees and
Zeppenfeld [42],
Nγ/p(ω) =
αem
2pi
[
1 +
(
1− 2ω√sNN
)]
[
lnD − 116 + 3D − 32D2 + 13D3
]
. (4)
where D = 1+0.71 GeV2 (γ2L/ω
2). One also alternatively
estimate the photon flux from the relativistic point like
charge Z passing a target at a minimum impact param-
eter bmin:
Nγ/Z(ω) =
2Z2αem
pi
[
ζK0(ζ)K1(ζ)− ζ
2
2
(K21 (ζ)−K20 (ζ))
]
(5)
where K0 and K1 are the modified Bessel functions of
the second kind, ζ = ωbmin/γL, where bmin is the min-
imal admitted distance in the impact parameter space
chosen to suppress the strong interaction and bmin = 0.7
fm for proton. In Fig. 1 we have compared the photon
flux from the proton Nγ/p for the Υ photoproduction,
pPb → p + Pb + Υ, from the exact expression Eqs. 1-3
(presented by red curve) and the approximate DZ expres-
sion Eq. 4 (presented by black curve). The blue curve
(referred as FF) is without SI suppression (ΓpA(b) = 1
in Eq. 1). Upper panel shows photon flux for the pPb
collisions at
√
s = 5.02 TeV, Pb towards +ve rapidity
with EPb = 1.58 TeV and proton towards -ve rapidity
with Ep = 4 TeV, Pb + p → Pb + p + Υ. Lower panel
of Fig. 1 shows photon flux for pPb collisions at
√
s =
8.16 TeV, Pb towards +ve rapidity with EPb = 2.56 TeV
and proton towards -ve rapidity with Ep = 6.5 TeV. It
is observed that, the strong interaction between proton-
nucleus reduce the photon flux substantially at large -ve
rapidities (high photon energies).
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FIG. 1. The flux of photons from proton Nγ/p as a function
of Υ (1S) rapidity y in proton-Pb UPC. Upper panel shows
photon flux for the pPb collisions at
√
s = 5.02 TeV, Pb to-
wards +ve rapidity with EPb = 1.58 TeV and proton towards
-ve rapidity with Ep = 4 TeV, Pb + p → Pb + p + Υ. Lower
panel shows photon flux for pPb collisions at
√
s = 8.16 TeV,
Pb towards +ve rapidity with EPb = 2.56 TeV and proton
towards -ve rapidity with Ep = 6.5 TeV. DZ refers to Eq. 4,
FF refers to ΓpA(b) = 1 in Eq. 1.
Photon flux from nucleus can be similarly be estimated
by using Eqs. 1-3 with appropriate nuclear charge form
factor in Eq. 2. In this study, we preferred to use the
point-like expression Eq. 5 for nucleus, following previ-
ous studies [10–13, 19–22], as the difference between
the full calculation and point-like expression was ob-
served to be insignificant for the photon flux from nu-
cleus with bmin = 1.15RPb [11, 43]. For PbPb collisions
we used the point-like charge expression for the photon
flux for nucleus Eq. 5 with minimum impact parameter
bmin = 2RPb.
3III. PHOTOPRODUCTION OF Υ
The rapidity distribution of vector meson (Υ) produc-
tion in proton-nucleus UPC interaction with proton from
the right and nucleus from the left, is given by the sum of
the two terms, each term in Weizsacker-Williams (WW)
approximation [44, 45] is the product of photon flux and
the cross-section of vector meson photoproduction:
σAB→ABΥ(y)
dy
= Nγ/A(y)σγB→ΥB(y)
+Nγ/B(−y)σγA→ΥA(−y) (6)
Here Nγ/A(B)(y) is the photon flux of proton or nucleus;
y = ln(2ω/MΥ) is the rapidity of Υ where ω is the pho-
ton energy and MΥ is the mass of the Υ. The first term
corresponds to photon from nucleus(A) while the second
term is due to photon flux from proton(B). As the pho-
ton flux ∝ Z2 and have support only small value of ω,
dying exponentially at large value of ω, the first term in
r.h.s. (γp contribution) dominates and peaks at positive
rapidity while the second term (γA contribution) peaks
at negative rapidity.
The cross section of exclusive elastic photo-production
of Υ on H (H ≡ p,A) can be written as
σγH→ΥH(y) =
dσγH→ΥH
dt
|t=0
∫
dt|FH(t)|2
(7)
where dσγH→ΥH/dt|t=0 is the forward scattering ampli-
tude and FH(t) is the charge form factor of the hadron
(nucleus). Using leading order (LO) approximation, the
scattering amplitude for elastic photoproduction of Υ
from proton or a nucleus reads [11, 14]:
dσγH→ΥH(Wγp, t = 0)
dt
=
M3ΥΓeepi
3
48αe.m.µ8
(1 + η2)
R2gF
2(Q2) [αs(Q
2)
xGH(x,Q
2)
A
]2 (8)
where Γee is the width of Υ electronic decay; αem is
the fine structure constant; αs(Q
2) is the running strong
coupling constant; x = M2Υ/W
2
γp, is the fraction of nu-
cleon momentum carried by nucleons, Wγp is the γp cen-
ter of mass energy; GH(x,Q
2) is the gluon distribution
in the proton (nucleus) evaluated at momentum trans-
fer Q2 = (MΥ/2)
2. The relevant x region in CMS is
≈ 10−2 − 10−4 at central rapidities (|y| < 2.4). The fac-
tors (1 + η2), R2g and F
2(Q2) corresponds to correction
due to real part, skewness and next-to leading (NLO),
respectively.
The t or the momentum-squared transferred depen-
dence of the cross section for the proton target is gener-
ally parameterized in the form of rapidly decreasing ex-
ponential function, e−B(Wγp)|t|, where the slope param-
eter B(Wγp) depends weekly on energy. Here we use
the Regge motivated expression for the slope parame-
ter which is obtained from the fitting the data of exclu-
sive J/ψ photoproduction [14], BΥ(Wγp) = 4.63 + 4.0 ×
0.06 ln(Wγp/90 GeV). Hence for proton, the photopro-
duction of Υ reads,
σγp→Υp(Wγp) =
1
B(Wγp)
dσγp→Υp
dt
|t=0. (9)
To evaluate the factors η and Rg, we have fitted the
shape of each gluon distribution xGT (x,Q
2) ∝ 1/xλ (de-
tails of gluon distributions used is given in next section)
and determined the corresponding λ from the fit. The λ
factors for Q2 = 22.4 GeV2 (corresponds to Υ(1S)) are
given in Table I. The λ factors for CTEQ6L1(CTEQ6M)
for Q2 = 25.1 GeV2 and Q2 = 26.8 GeV2 are 0.39(0.40)
and 0.29(0.29) respectively. The factor η is evaluated
using Gribov-Migdal relation [15, 46], η = tan(piλ/2).
In collinear factorization for hard exclusive process, one
should use gluon generalized parton distribution (GPD)
and phenomenologically it is being treated by introduc-
ing enhancement factor Rg [11] given by,
Rg =
23+2λ√
pi
Γ( 52 + λ
Γ(4 + λ)
(10)
The suppression factor F 2(Q2) contains all effects be-
TABLE I. The fitting factor for gluon PDFs λ.
Param. MSTW08 CTEQ6L CTEQ6L1 JMRTLO CTEQ6M
λ 0.41 0.36 0.38 0.36 0.28
yond the leading order collinear factorization and dis-
cussed in Ref. [6, 47]. However this correction mainly
influence the absolute normalization, but not the x de-
pendance of the cross-section. We have used F 2(Q2) = 1
and Q2 = M2Υ/4, which is the non-relativistic approxi-
mation that neglects the transverse momenta of b-quarks
in the Υ wave function.
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FIG. 2. Photoproduction cross section of Υ (1S), σγp→Υ(1S)p
with photon-proton center of mass energy Wγp compared with
the experimental data from HERA [32–34] and LHCb [28].
pQCD prediction with different gluon distribution compared
with power law ”Fit” to HERA + LHCb data.
4A. Photoproduction of Υ from proton
Different parameterization of the gluon distribution in
the proton are being used to estimate the photoproduc-
tion from σγp→Υ(1S)p and the results are shown in the
Fig. 2. The LO pQCD estimation are being compared
with HERA, LHCb data of exclusive photoproduction
cross section of Υ(1S) with Wγp. It also shows the
power law fit to the data on dσγp→Υ(1S)p(Wγp, t = 0)/dt
of HERA + LHCb and multiplied by the BΥ(Wγp)
using Eq. 9 to get the photoproduction cross sec-
tion σγp→Υ(1S)p. Gluon parameterization used are
MSTW08 [48], CTEQ6L [49], CTEQ6L1 [49], JM-
RTLO [14], CTEQ6M [49] and JMRTNLO [14]. Fig. 2
shows the LO pQCD predictions from Eqs. 8-9 at
Q2 = M2Υ(1S)/4 for different gluon parameterization
as discussed above. We have shown JMRTLO and
JMRTNLO [14] cross-section of Υ(1S) photoproduction
with Wγp, for comparison and could not accomodate the
error band for LO. The power law fit to HERA+LHCb
data with δ = 0.76±0.27 (σγp→Υ(1S)p ∝ 1/BΥ(1S)(Wγp)×
W δγp), shown by black curve, is less steep than LO pre-
dictions and comparable to NLO gluon PDFs, CTEQ6M
and JMRTNLO predictions, the power law fit to which
approximately gives δ = 0.84.
B. Photoproduction of Υ from nucleus
In case of nuclear target, the photoproduction is given
by,
σγA→ΥA(Wγp) =S2A(Wγp)
dσγp→Υp
dt |t=0
× ΦA(tmin) (11)
where
ΦA(tmin) =
∫ ∞
tmin
dt|FA(t)|2 (12)
and tmin = −M4Υm2N/W 4γp is the minimal momentum
transfer to the nucleus; FA(t) is the nuclear form factor
which is given by the Fourier transform of the nuclear
density distribution FA(t) =
∫
d3rρ(r)eiq·r, where q is
the momentum transferred, ρ(r) is the nuclear density
approximated as modified hard sphere [50]. SA(Wγp) is
the nuclear suppression factor given by,
SA(Wγp) =
GA(x,Q
2)
AGN (x,Q2)
×
[
(1 + η2A)R
2
g,A
(1 + η2)R2g
]1/2
= R(x,Q2)× κA/N . (13)
Here, GN (x,Q
2) and GA(x,Q
2) are the gluon density of
nucleon and nucleus respectively; R(x,Q2) is the nuclear
gluon modification factor. Due to nuclear gluon shadow-
ing at small values of x, GA(x,Q
2) < AGN (x,Q
2) and
correspondingly R(x,Q2) < 1. In addition, due to differ-
ent growth of the nuclear gluon density GA(x,Q
2) with x
than free proton, GA(x,Q
2) ∝ 1/xλA where λA < λp (λp
corresponds to proton), results to the κA/N factor [11].
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FIG. 3. Nuclear suppression factor of EPS09 [51] gluon dis-
tribution for Υ (1S), as defined in Eq. 13.
We have used gluon shadowing parameters from three
recently available nuclear parton distribution functions:
(i) EPS09 nuclear PDF at leading order and next-to-
leading order [51] (ii) HKN07 at LO and NLO [52]
(iii) nCTEQ15 [53] and estimated the suppression factor
S(Wγp) for for Υ(1S, 2S, 3S) (Q
2 = 22.4, 25.1, 26.8 GeV2
for 1S, 2S and 3S respectively) in the low x region acces-
sible in LHC experiments. We have used κA/N = 0.87
neglecting its variation with different gluon distributions
[11]. Fig. 3 shows the variation of suppression factor of
Pb nucleus SPb with x for Υ(1S) with three nuclear shad-
owing parameterizations. We should mention here that
EPS09LO use CTEQ6L1 gluon distribution for free pro-
ton whereas EPS09NLO use CTEQ6M gluon PDF for
proton. Hence results with CTEQ6L1(CTEQ6M) for γp
and EPS09LO(EPS09NLO) for γPb, corresponds to the
right combination of gluon distribution which are being
compared with other combinations of gluon distributions
for proton and nucleus.
IV. PHOTOPRODUCTION CROSS SECTION
WITH RAPIDITY
We now present the results of photoproduction of
Υ(1S) in the framework of leading-order QCD with two
gluon exchange. Three factors, square of gluon distri-
bution, photon flux and integrated nuclear form factor,
determines the rapidity distribution of cross section.
A. Cross section for pPb collisions
Fig. 4 shows the rapidity distribution of the Υ(1S) pho-
toproduction in proton-Pb UPC collisions integrated over
momentum transfer t in the LHC kinematics as estimated
by Eq. 6. Photon flux includes the effect of strong in-
teraction suppression as discussed in Sections II. Here
we used appropriate t dependence of cross section for
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FIG. 4. The rapidity distribution of Υ (1S) photoproduction
cross section for pPb collisions at
√
s = 5.02 TeV. The main
and insert figure shows γp and γPb contributions respectively.
proton and nucleus as discussed in Sections III A and
III B respectively. Figure shows the estimations using
MSTW08 (magenta) [48], CTEQ6L (light green) [49],
CTEQ6L1 (red) [49], CTEQ6M (dark green) [49], JM-
RTLO (orange) [14], JMRTNLO (blue) [? ] gluon distri-
bution functions and power law fit to HERA+LHCb data
(black). Fig. 4, main figure, shows the dσ/dy distribution
for pPb → (γp) → Υ(1S)pPb, the dominant contribu-
tion, whereas insert figure shows the γPb contribution.
Insert figure also shows the cross-section with different
nuclear gluon shadowing parameterization (EPS09 [51],
HKN07O [52] and nCTEQ15 [53]) for CTEQ6L1 and
CTEQ6M gluon PDF of free proton. Solid lines show
cross-section without shadowing whereas dashed curves
are with nuclear gluon shadowing. HERA + LHCb power
law fit (black), gives comparable description as of NLO
gluon PDF, CTEQ6M.
TABLE II. Cross section of photoproduction of Υ(1S) at√
sNN = 5.02 TeV and at
√
sNN = 8.16 TeV in pPb collisions
in CMS acceptance −2.4 < y < 2.4 with different gluon PDF
parameterizations.
Param.
√
s=5.02 TeV
√
s=8.16 TeV
σ(nb) σ(nb)
γ p γ Pb Total γ p γ Pb Total
MSTW08 229 42 271 488 82 570
CTEQ6L 229 40 269 451 73 524
CTEQ6L1 217 39 255 434 71 505
JMRTLO 182 32 214 360 59 419
CTEQ6M 77 13 90 127 19 146
JMRTNLO 69 11 80 115 17 132
Fit 85 14 99 122 18 140
We also estimate the Υ(1S) photoproduction cross-
section for pPb collisions at
√
sNN = 8.16 TeV, Run2
LHC collision scenario. Fig. 5 shows the dσ/dy distri-
bution for Υ (1S) for
√
s = 8.16 TeV. Similar to Fig. 4,
main and insert figure of Fig. 5, shows γp and γPb con-
tributions respectively. Table II gives the rapidity inte-
grated cross section of Υ (1S) in CMS acceptance, i.e.
−2.4 < y < 2.4 for √s = 5.02 TeV and √s = 8.16 TeV
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FIG. 5. The rapidity distribution of Υ (1S) photoproduction
cross section for pPb collisions at
√
s = 8.16 TeV. The main
and insert figure shows γp and γPb contributions respectively.
for different gluon PDF. We here present, the γp and γPb
contributions to the Υ (1S) cross-section separately for
different gluon PDF.
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FIG. 6. The rapidity distribution of Υ (2S) (left plot) and Υ
(3S) (right plot) photoproduction cross section for pPb colli-
sions at
√
s = 8.16 TeV with different nuclear gluon shadow-
ing parameterizations.
We also estimate the cross-section for Υ (2S) and Υ
(3S) in pPb collisions at
√
s = 8.16 TeV. Fig. 6 shows the
dσ/dy distribution for Υ (2S) (left plot) and Υ (3S) (right
plot) of total cross-section with different gluon shadow-
ing parameterizations for CTEQ6L1 and CTEQ6M gluon
PDF. Table III shows the cross-section for Υ (1S) at√
s = 5.02 TeV and Υ (1S, 2S, 3S) at
√
s = 8.16 TeV
pPb collisions with different nuclear gluon shadowing.
Integrated cross-section for CMS acceptance and in full
acceptance (numbers in bracket) with different nuclear
gluon shadowing parameterizations are presented. Due
to large photon flux from Pb nucleus, γp is the dominant
part of the cross section, the γPb contribution is small
and thus nuclear shadowing does not affect significantly
the total dσ/dy distribution as well as total integrated
cross-section. We also estimate the ratio of cross-sections
σΥ(2S)/σΥ(1S) and σΥ(3S)/σΥ(1S) for different gluon PDF
in the rightmost two columns of Table III.
6TABLE III. Cross section of photoproduction of Υ(1S) in pPb
collisions at
√
s = 5.02 TeV and Υ(1S,2S,3S) in
√
s = 8.16
TeV in CMS acceptance −2.4 < y < 2.4 and also in full
acceptance (numbers in bracket) with different nuclear gluon
shadowing parameterizations. We also present the ratio of
cross-section of σΥ(2S)/σΥ(1S) and σΥ(3S)/σΥ(1S).
Param. 5.02 TeV 8.16 TeV
σ(nb) σ(nb) Ratio
Υ (1S) Υ (1S) Υ (2S) Υ (3S) 2S/1S 3S/1S
CTEQ6L1 255 505 178 108 0.35 0.21
(284) (589) (205) (124) (0.35) (0.21)
EPS09LO 236 468 164 100 0.35 0.21
(260) (538) (188) (113) (0.35) (0.21)
HKN07LO 239 474 167 101 0.35 0.21
(264) (547) (191) (115) (0.35) (0.21)
CTEQ6M 90 146 50 31 0.34 0.21
(103) (175) (59) (36) (0.34) (0.21)
EPS09NLO 84 138 47 29 0.34 0.21
(96) (164) (56) (34) (0.34) (0.21)
HKN07NLO 85 138 47 29 0.34 0.21
(97) (164) (56) (34) (0.34) (0.21)
nCTEQ15 82 134 46 28 0.34 0.21
(94) (159) (54) (33) (0.34) (0.21)
B. Cross section for PbPb collisions
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FIG. 7. The rapidity distribution of Υ (1S) photoproduction
cross section for PbPb collisions at
√
sNN = 5.02 TeV. The
solid graphs are cross section without nuclear shadowing and
dashed graphs are with nuclear gluon shadowing parameters.
TABLE IV. Cross section of photoproduction of Υ(1S) in
PbPb collisions at
√
s = 5.02 TeV in CMS acceptance −2.4 <
y < 2.4 with different nuclear gluon shadowing parameteriza-
tions.
Param. Gluon shadowing
σ(µ b)
w/o shad. EPS09LO HKN07LO
CTEQ6L1 166 89 99
Fit 80 46 49
w/o shad. EPS09NLO HKN07NLO nCTEQ15
CTEQ6M 62 37 38 26
The photoproduction of vector mesons in nucleus-
nucleus collisions is an important tool to study nuclear
shadowing of gluon PDFs. In this section, we present
results of Υ(1s) photoproduction cross section for PbPb
UPC collisions at
√
sNN = 5.02 TeV which is the LHC
run 2 scenario. Fig. 7 shows the rapidity distribution of
Υ(1s) photoproduction cross section, with different nu-
clear gluon shadowing. The solid graphs are cross sec-
tion without nuclear shadowing and dashed graphs are
with nuclear shadowing. Figure shows results with LO
PDF and LO gluon shadowing from EPS09LO [51] and
HKN07LO [52] and the results with NLO shadowing pa-
rameterizations from EPS09NLO [51], HKN07NLO [52]
and nCTEQ15 [53]. It is noticed that, nuclear gluon
shadowing, affects the cross section quite substantially
for Υ(1S). It should be mentioned that, the measure-
ment of J/ψ photoproduction cross section for PbPb
UPC at 2.76 TeV by ALICE, satisfactorily [35, 36] re-
produced by moderate gluon shadowing parameteriza-
tions from EPS09LO. Table IV gives the rapidity inte-
grated Υ(1S) photoproduction cross section for CMS ac-
ceptance (−2.4 < y < 2.4) for PbPb UPC at √s = 5.02
TeV. The prediction of cross section from power law fit to
HERA+LHCb data (referred as Fit in Table IV) is also
quoted. The effect of shadowing is quite prominent in
PbPb collisions at
√
sNN = 5.02 TeV and cross-sections
are reduced by 46%, 40% for CTEQ6L1 gluon PDF with
EPS09LO and HKN07LO gluon shadowing respectively.
The photoproduction cross-section for PbPb collisions
with CTEQ6M free gluon PDF shows 40%, 39% and 58%
reduction for EPS09NLO, HKN07NLO and nCTEQ15
nuclear gluon shadowing parameterizations, respectively.
Our results are also comparable with the earlier studies
of Υ(1S) photoproduction. The cross section for pPb at√
sNN = 5.02 TeV, 236 nb with CTEQ6L1, is comparable
with earlier estimation with EPS09 [20]. With NLO PDF
CTEQ6M, the cross-section is 146 nb and from Fit 140 nb
(see Table IV) at
√
sNN = 8.16 TeV which is comparable
to the value of 0.10− 0.15 µb in Ref. [24] for IIM, bCGC
and IP-SAT model predictions. The cross-sections are
marginally different (6 − 7%) with gluon shadowing pa-
rameterizations at
√
sNN = 5.02 TeV. The effect of shad-
owing is 7−8% in pPb collisions with √sNN = 8.16 TeV.
The cross-sections for PbPb collisions are also compara-
ble to earlier predictions [10, 14, 18, 21, 22, 24–26, 43].
In our prediction, we have not considered NLO and other
correction factors [14] which may reduce the cross-section
and may be the possibile inclusion in future.
V. CONCLUSIONS
In the present study, we have considered elastic pho-
toproduction of Υ(nS) in ultraperipheral pPb and PbPb
collisions at LHC. The photoproduction of vector meson
is very useful to constrain the gluon modification, satu-
ration or shadowing, due to the fact that, cross section
is quadratically dependent on the gluon PDF. The pre-
dictions of pPb cross sections are consistent with HERA,
7and LHCb data whereas future measurement will con-
strain about the gluon saturation in very low Bjorken x.
The cross section of Upsilon photoproduction in PbPb
UPC are found to be quite sensitive to gluon modifica-
tions and expect to extract information of nuclear shad-
owing.
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